The success of restocking (releasing hatchery-reared juveniles in the wild) depends on 23 the capacity of phenotypes that are already adapted to captivity to readapt to the natural 24 environment. Changes in growth rate after release can be monitored to determine 25 whether released fish are adapting well to the natural environment or failing to adjust to 26 wild conditions. Nevertheless, it is not known whether released individual fish 27 experience a shift in growth rate. Alternatively, the fish showing long-term survival 28 could be those that were already larger before release. This question is relevant for the 29 maximization of stocking success because certain phenotypes (those with a better 30 probability of readapting) could be selected for release. This study compared the 31 somatic growth of released and recaptured meagre, Argyrosomus regius, with control 32 (captive) meagre belonging to the same cohort. Recaptures that had spent less than 3 33 months at liberty showed the same length-at-age as the control fish, but the length-at-34 age of many recaptured fish that had spent more than 3 months at liberty was greater 35 than expected. The otolith radius of the growth mark corresponding to the first year of 36 life (i.e., when all fish were still in captivity) was significantly greater for fish that had 37 spent more than 3 months at liberty, indicating that these meagre were larger and had a 38 higher growth rate when they were released. Moreover, the analysis of daily otolith 39 growth before and after release showed that most of the recaptured meagre that had 40 spent less than 3 months at liberty grew an equal or lesser amount in the wild than 41 before release. In contrast, most of the recaptures that had spent more than 3 months at 42 liberty showed a higher growth rate after release. Therefore, results are discussed in 43 light of the combined effect of differential survival and increased growth, although the 44 low sample size requires interpreting the results carefully. 
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Prior to release, all of the meagre juveniles were measured (total length, L T ), 147
weighed and marked externally with T-bar tags (Floy® T-Bar Anchor FF-94 and FD-94 148 tags with identification code and a phone number) and internally with an alizarin bath 149 (Morales-Nin et al., 2010). After marking, the fish were moved to the release site in a 150 boat equipped with an aerated tank. Different release sites (Gil et al., 2014) on the coast 151 of Mallorca Island were selected (Fig. 1) . Returned meagre are defined as those released 152 specimens that have been recaptured by commercial (with trammel nets) or recreational 153 (with fishing rods) fishermen along the entire Mallorca coast and have been returned to 154 the lab by the fishermen or purchased at fish markets (Table 1) . Returned fish were 155 stored at -20 ºC. After defrosting, these fish were measured (total length and weight), 156 and the otoliths were extracted for subsequent preparation. Returned fish were identified 157 through the code of the external tag or by the age or alizarin mark observed in the 158 otolith when fish had lost the external tag because had spent long time at liberty. Note 159 that the identification of the returned fish by the age was possible because the wild 160 meagre specimens disappeared in this locality some decades ago. 161 162
Control meagre 163
The control group was composed of 1,366 specimens of meagre born in 2007 and 164 reared with the same methodology as that used for the released fishes. These specimens 165 remained in sea cages (5.5 m diameter) at low density and were fed with commercial 166 feed pellets (Skretting®) following the recommended food rations. The basic sampling 167 involved measuring the length and weight of control fish at known ages (from 0.7 to 4 168 years old). The sampling dates and sample sizes are detailed in Table 2 . Note that the 169 released fish were also considered to represent control fish before they were released. 170 171 8
Otolith preparation and observation of daily and annual marks 172
The left sagittal otoliths of 32 recaptured meagre, born in 2007 and released on 173 February 2009, were embedded in epoxy resin and were cut transversely using a 174 diamond-edged precision saw. The otoliths of the other 4 recaptured meagre of this 175 cohort released on February 2009 were discarded because were damaged during the 176 preparation process. Thin sections (300 µm) containing the core (i.e., the center of the 177 otolith) were mounted on glass slides using thermoplastic glue (Crystalbond ® 509) and 178 were ground on silicon carbide grinding papers of decreasing grain size (European P-179
Grade 800 to 2,400) and polished with 0.3 µm alumina until the nucleus was reached 180 and daily increments were observable. A previous study has demonstrated the daily 181 periodicity of the putative daily growth marks (DGMs) in the otoliths of A. regius from 182 2 months to 2 years old (Morales-Nin et al., 2010). 183
Transverse thin sections were analyzed using a DMRA2 Leica microscope at x400. 184
Four digital calibrated images were taken along a predefined radius using a Leica 185 camera. The use of areas shared between images allowed the images to be manually 186 combined into a single image. Previous pilot analyses had demonstrated that combining 187 4 images at the magnification scale used (or 400-500 μm) ensures that an area from the 188 otolith edge to a date clearly prior to the release date would be covered. A reading 189 session consisted of counting and measuring all DGMs along the radius included in the 190 4 images (hereafter reading radius, Fig. 2 ). For this purpose, a commercial image 191 analysis package especially developed for otolith reading (Age&Shape 2.1.1, 192
Infaimon®, http://www.infaimon.com/) was used. Two reading sessions were 193 completed for each otolith. The reading radius was manually selected and its location 194 was nearly, but not exactly, the same for the two sessions. We used the following 195 reading protocol: first, the image analysis system automatically selected a preliminary 196 9 list of points located at all identified DGMs based on sharp changes in the luminance 197 profile. Then, these positions were interactively modified by the reader, who was able to 198 not only change the exact position of any point but also delete and/or insert new points. 199
All of the reading sessions were completed by the same reader, who was blind to the 200 identity of the fish. The order in which the otoliths were read was random, and an 201 interval of several days elapsed between the two reading sessions for the same otolith. 202
Precision of the readings was estimated by coefficient of variation (as defined by 203 Chang, 1982) . distance from the core to the edge following the sulcus acusticus). Body size (L T ) of 211 these specimens ranged from 12.7 to 79.1 cm. The radius was measured by applying 212
ImageJ software to calibrated images of the sections. In addition, the radius from the 213 core to the first annual mark was measured for the 32 recaptured meagre from 2007 214 cohort, in order to estimate differential survival in the recapture meagre. The 215 interpretation of annual growth marks followed the protocol proposed by Prista et 
L ∞ is the length at asymptotic infinite age; K is the rate of approach to the 235 asymptotic length (Schnute and Fournier, 1980) ; t 0 is the theoretical age at which the 236 length would be zero; C modulates the amplitude of the seasonal growth oscillations; 237 and t S is the time between t 0 and the inflection point of the first sinusoidal growth 238 oscillation. 239
The parameters of this model were estimated using a Bayesian approach on the 240 length-at-age data from the control fish (see Supplementary material 1). A non-241 informative normal distribution (zero mean and tolerance = 10 -6 ) for K and a uniform 242 distribution for C, t 0 and t S were assumed as priors. C was constrained to be within the 243 interval (0, 1) (García-Berthou et al. The observed length-at-age of the 36 recaptured meagre from 2007 cohort was 255 visually compared with the expected length-at-age estimated from control meagre of the 256 same age to determine whether the recaptures followed the same pattern as the control 257
fish. In addition, we tested for a possible difference in the growth pattern between the 258 recaptures that had spent less than 3 months at liberty and those that had spent more 259 than 3 months through the comparison of their residuals (i.e. observed length minus 260 expected length for a control fish of the same age) using a randomization procedure. In 261 this procedure, the expected distribution of the F statistic under the null hypothesis was 262 emulated by 10,000 bootstrap resamples. The threshold of 3 months at liberty was 263 selected because released meagre appear to return to good biological condition and to 264 shift to a more piscivorous diet after spending approximately 3 months at liberty (Gil et 265 al., 2014) . Visual inspection (see Results) suggests that the meagre recaptured after 266 more than 3 months have a different growth pattern than control meagre and recaptures 267 that had spent less than 3 months at liberty. Therefore, two additional analyses were 268 completed to test whether the observed differences were due to (1) the differential 269 survival of individuals with different growth rates or (2) increased growth in the natural 270 environment. 271 272
Data analysis 2: Differential survival 273
Possible differences in survival depending on the growth rate variability of fish from 274 the same cohort were examined by analyzing the size of the recaptures at the first year 275 of age, i.e., when all of them were in the same lab-controlled rearing conditions. 276
Specifically, we tested whether the specimens with a higher growth rate (or, 277 equivalently, fish with a larger size-at-age because all fish were born and released on 278 the same dates) had a higher probability of survival in the natural environment. This 279 objective was achieved by analyzing the otolith radius corresponding to the age of one 280 year (i.e. radius at the first annual growth ring) of 32 returned meagre (those from the 281 2007 cohort; 1 to 961 days at liberty). The otolith size at one year was compared 282 between the specimens that had spent less than 3 months at liberty and those that spent 283 more than 3 months. Significant differences between groups in the otolith size 284 corresponding to an age of one year were tested using a one-way ANOVA. A 285 probability (P) of <0.05 was chosen as the critical level for rejection of the null 286 hypotheses. Previously, homogeneity of variances and normality of residuals were 287 examined using a Bartlett test and a Shapiro test, respectively, presenting both an 288 accepted P-value of >0.05. Statistical power was estimated using a bootstrapping 289 procedure (i.e., resampling a large number of times from the observed data; Manly, 290 1997) and it was very close to the conventionally accepted value of 0.8. 291
Note that it is possible to infer the body length of a fish at younger ages from the 292 width of the annual increments recorded in the otoliths (Pilling et given landmark can be identified in only one of the two reading sessions. Therefore, the 311 two sessions are rarely well aligned, in the sense that the i th identified marks in the first 312 session does not necessarily correspond to the i th identified growth mark in the second 313 session. 314
After this alignment step, the two distances of the same growth mark were averaged 315 (note that none, i.e., skipping, or only one distance may be available for some growth 316 marks), and the width of the growth increments were calculated. The log-transformed 317 width of the daily growth increments (GI) appear to be related with age and the 318 14 temperature (see Supplementary material 2), excepting for some clear outliers. We 319 propose that abnormally large GI correspond to mark skipping (i.e., after skipping two 320 or more marks, the resulting GI is larger than expected). Therefore, the linear 321 relationship between log(GI) and age (Age) and temperature (Temp) we propose is a 322 mere empirical model intended only at estimating a reliable expected value and at 323 identifying skipping. 324
This expected value (GI.hat i ) may differ between before and after releasing. At 325 captivity, it would be: 326
After release, it would be: 328 The currently observed values of log(GI i ) are assumed to be normally distributed 336 with mean log(GI.hat i ) and standard deviation given by: 337
where SD is the standard deviation when δd i = 1 day. 339
The number of days δd i is assumed to be randomly sampled from a multinomial 340 distribution with a probability vector given by: 341
where p is the probability of skipping and n i the number of days between two actually 343 detected, consecutive DGMs. 344
This method allowed us to estimate the values of the parameters β 0 , β 1 , β 2 , β 3 and 345
Age R and to detect differences between the growth rate before and after release (if β The data from the control meagre were successfully fitted by the proposed model 362 (Fig. 3) . The length-at-age data for the recaptured meagre that had spent less and more 363 than 3 months at liberty were added to the growth curve fitted to the control fish (Fig.  364 3). Almost all of the recaptures that had spent less than 3 months at liberty had a length 365 within the 95% Bayesian credibility interval of the expected length-at-age of fish of the 366 same age but reared in captivity (i.e., control fish). In contrast, the length-at-age of 367 many (4 of 10 fish) of the recaptured fish that had spent more than 3 months at liberty 368 were outside (larger than) the corresponding credibility intervals (Fig. 3) . The 369 probability that 4 of 10 fishes were sampled outside the 95% credibility interval was 370 smaller than 0.001. Also, note that some of these fish reached a given size more than 371 one year before than their brothers cultured at captivity did. 372
The residuals (observed length minus expected length for a control fish of the same 373 age; Fig. 4) for the recaptured meagre that had spent more than 3 months at liberty were 374 significantly greater than those for the recaptured fish that had spent less than 3 months 375 at liberty (P < 0.001). Therefore, the recaptured meagre that had spent more than 3 376 months at liberty were larger than expected. This pattern may be the result of 377 differential survival of the largest specimens, of increased growth in the wild, or both. 378 379
Differential survival 380
Fish body length and otolith radius from 102 meagre specimens followed a positive 381 linear relationship ( Fig. 5 ; r 2 = 0.94), suggesting that otolith length can be used as a 382 reliable proxy for somatic length. For this reason, the otolith radius at the first year was 383 used to compare the estimated body length of recaptured fish that had spent less and 384 more than 3 months at liberty. This comparison showed that the recaptures that had 385 spent more than 3 months at liberty showed an otolith radius at the first year that was 386 significantly larger (F 1,30 = 6.17; P < 0.05) than that for the recaptures that had spent less 387 than 3 months at liberty (Fig. 6) . 388 389
Increased growth after release 390
The mean estimated precision (coefficient of variation) of the meagre otolith reading 391 was 6.5%. The method used in this study allows the skipped DGMs to be estimated. 392 Therefore, the release date can be located from the readings of the otolith radius, and the 393 growth of the otolith before and after release can be compared (Fig. 7) . Note that the 394 pattern obtained from this analysis is observable in addition to the effects of temperature 395 on growth because temperature was added to the model as a covariable. The number of 396 skipped DGMs identified suggests that to ignore skipping would produce an 397 overestimate of the averaged growth rate and an underestimate of the age. A few 398 probable sub-daily growth marks were also identified in several fish, but the small 399 number of these marks indicates that it is implausible that they affected the growth rate 400
estimates. 401
This method failed to converge for meagre which had spent a few days at liberty 402 because the high among-day variability in growth prevents the reliable estimation of the 403 growth rate after release. In addition, a result of the complex process of otolith 404 preparation was that DGMs were not interpretable for several other otoliths. Therefore, 405 only 9 meagre otoliths could be properly analyzed (Fig. 7, Supplementary material 3) . 406
The range of days at liberty for these 9 otoliths was from 35 to 422 days. The difference 407 between the estimated growth rate before and after the release was variable, suggesting 408 that certain meagre grew more in the wild but that the growth of others was less than or 409 similar to the amount of growth in captivity (Table 3) . Interestingly, most of the meagre 410 that had spent less than 3 months at liberty (n = 4) showed a growth rate in the wild 411 similar to or lower than the growth rate before release, and just one of the meagre (R24, 412 Table 3 ) presented a higher growth rate in the wild. Instead, most of the meagre that had 413 spent more than 3 months at liberty (n = 3) showed a higher growth rate in the wild than 414 in the previous reared condition, and only one fish (R27 , Table 3 The returned meagre were those provided by the fishermen or purchased at fish 441 markets by us for biological analyses. Although a great effort was made to inform 442 fishermen about the meagre restocking program and the information of more than 400 443 recaptured meagre were reported by them (Gil et al., unpublished results) , a low number 444 of samples was available for the growth analysis limiting statistical comparisons. 445
Although clear trends in growth of recaptured meagre were observed, the conclusions of 446 the study should be interpreted with caution. Mainly in analysis from DGMs, it should 447 be emphasized that reliable estimates of the growth rate before and after release have 448 been obtained for a relatively small number of fish, and the sample size should be 449 increased. In future experiments, it would be desirable to increase the sample sizes in 450 order to corroborate the results observed in this study. Moreover, most of the recaptured 451 meagre were caught by commercial fishermen with trammel nets, and certain fishing 452 selectivity could exist (Swain et al., 2007) ; however it was assumed to be independent 453 of size, or at least nearly independent for the size range analyzed because this gear 454 capture a wide range of size and its size selectivity is low (Erzini et al., 2006) . 455
The returned specimens showed that at least some meagre remained around the 456 coastal areas of Mallorca Island for at least 2-3 years (Gil et al., unpublished results). 457
The growth performance of returned fish is high. Depending on the cohort, fish can 458 grow from a size of 43.2 cm at release to 77 cm after 1.8 years at liberty or from a size 459 of 34.2 cm at release to 79.1 cm in 2.6 years. The length-at-age of the returned meagre 460 was compared with that of the control fish, and differences between specimens that had 461 spent less and more than 3 months at liberty were observed. The recaptured meagre that 462 had spent less than 3 months at liberty presented lengths-at-age similar to or even lower 463 than those expected for the control meagre. This result is consistent with the results 464 reported by Gil et al. (2014) , based on the condition index, stable isotopes and stomach 465 contents, which demonstrate that released meagre need several months (approximately 466 3) to adapt to wild conditions. This adaptation period appears to be variable and species-467 20 specific, but the same growth stagnation has been observed in Japanese flounder 468 (Paralichthys olivaceus) for several days after release (Tomiyama et al., 2011) . In 469 contrast, comparisons of growth rates between wild and reared turbot (Psetta maxima) 470 showed similar growth patterns, indicating that the reared fish were able to adapt rapidly 471 to natural conditions (Paulsen and Støttrup, 2004) . 472
Most of the returned meagre that had spent more than 3 months at liberty showed a 473 higher growth rate than that expected from control fish of the same age. assumptions for using the growth marks on the otolith to estimate somatic growth are 481 that 1) the distance between increments must be proportional to the somatic growth 482 occurring between the corresponding dates and 2) the periodicity at which marks are 483 deposited must be verified (Campana and Neilson, 1985) . These assumptions have been 484 significantly higher otolith growth has been observed in fish fed a high food ration at 18 488 ºC and 12 ºC (Barber and Jenkins, 2001 ). However, daily increment deposition during 489 starvation can be observed for a certain time (Campana, 1983) because body fat reserves 490 may provide sufficient energy for otolith growth (Jobling, 1980; Marshall and Parker, 491 1982 ). This point is important because the low stomach contents and low condition 492 21 index observed in meagre juveniles (Gil et al., 2014) immediately following release 493 may imply a relatively long starvation period during which the (otolith) growth rate is 494 expected to be small but positive. 495
The comparison of the growth rate estimated from DGMs between the periods 496 before and after release in recaptured meagre in the Balearic Islands showed consistent 497 variations in growth. The growth of returned meagre that had spent less than 3 months 498 at liberty was similar to or even slower than their previous growth in captivity. This 499 finding is consistent with the view that the fish were still in an adaptation period. 500
Interestingly, however, most of the recaptured meagre that had spent more than 3 501 months at liberty and, therefore, should be considered well adapted to wild feeding 502
showed an increased growth rate after release. However, the low number of analyzed 503 otoliths prevented us from conducting a statistical comparison that confirmed the 504 observed trends in the recaptured meagre. Some of the otoliths were unreadable because 505 of processing, and some otoliths were useless because the time spend after release was 506 too short to be analyzed by the model. Besides, the otoliths of meagre older than 3 years 507 had to be discarded from the daily growth study because these fish were mature, and the 508 periodicity of ring formation in these otoliths could be different than in immature fish 509 (Campana, 2001) . Another reason to discard the otoliths of older fish was that the 510 closest to the edge increments could be below the resolving power of the light 511 microscope; because several authors have noted a general decrease of increment width 512 with age (Morales-Nin, 2000). 513
We propose that this shift in growth rate may be related to a corresponding shift 514 from a diet based on invertebrates to a more piscivorous diet. This statement is 515 supported by not only the diet shift observed in returned fish (Gil et al., 2014) but also 516 the finding that a semi-moist fish-based diet produces a better growth rate than diets 517 based on any commercial pellets (unpublished data). Similarly, wild 110 g meagre 518 juveniles reared in sea cages reached 1,850 g in only 8 months if fed with fresh fish 519 (Pastor et al., 2002) . However, feeding a long number of fish with fresh or semi-moist 520 diet would involve economic and management disadvantages (Kim and Shin, 2006 ; 521 Kubitza and Lovshin, 1997). Hence, although it is probable that more energy must be 522 invested in catching fish in the wild, the high efficiency of meagre when consuming fish 523 suggests that well-adapted fish (fish recaptured after more than 3 months at liberty) 524 grew better than the control meagre maintained under the rearing conditions and fed 525 with commercial pellets. 526
In another species, P. olivaceus, the increase in growth observed after a release-527 related period of growth stagnation (Tomiyama et al., 2011 ) was attributed to 528 compensatory growth (Ali et al., 2003) . Compensatory growth is a phase of accelerated 529 growth occurring when favorable conditions are restored after a period of growth 530 depression. The original growth trajectory is restored, and fish may achieve the same 531 length-at-age as conspecifics experiencing favorable conditions at any time (Ali et al., 532 2003) . 533
In addition to the increased growth rate of well-adapted fish (i.e., those that had 534 spent more than 3 months at liberty), the otolith radius when fish were one year old (i.e., 535 when all fish were still being reared in captivity) showed that those well-adapted fish 536
were also larger at the release date in comparison with fish that had spent less than 3 537 months at liberty. This result suggests that fish that are larger at the release date may 538 adapt better to wild conditions, growing faster and surviving better than smaller fish. 539
The hypothesis that natural mortality would depend on size has been considered as the 540 most likely option, although other processes could be intervening in the results. 541 Therefore, fish length should have a major impact upon the recapture rates (and 542 23 presumably survival) of released juveniles (Leber, 1995) due to the greater impact of 543 predation on smaller organisms (Ray et al., 1994; Tsukamoto et al., 1989) . A higher 544 survival rate in more rapidly growing fish (i.e., high-quality fish) has also been 545 observed in P. olivaceus (Tomiyama et al., 2011) and A. japonicus (Taylor et al., 2009) . 546
However, this pattern may be reversed or at least modulated over the long term if 547 fishing mortality is the principal source of mortality because fisheries-induced evolution 548 tends to select smaller-sized fish (Brunel et al., 2013) . The focus of the current study 549 was only the short and critical period during which released fish must adapt to 550 dramatically different conditions or die. 551
In conclusion, a higher than expected length-at-age was observed in released meagre 552 that had spent several months at liberty, but this growth pattern could be observed only 553 for survivors, i.e., those fish that appeared to have successfully adapted to wild 554 conditions and survived. These long-time survivors were the largest members of the 555 cohort. Their large size implies not only a lower vulnerability to predation but also a 556 greater competence in obtaining food and, therefore, a greater adaptability to wild 557 conditions. The relationships between the fish quality, post-release growth and survival 558 of released juveniles imply that stocking effectiveness could be improved by selecting 559 specific phenotypes during juvenile production (Tomiyama et al., 2011) . Therefore, 560 improvements in the production protocols and in the release strategies could enhance 561 the adaptation of the released juveniles and increase their potential survival after 562 
